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Rapid molecular subtyping by reverse transcription polymerase chain reaction of the neuraminidase gene of avian influenza A viruses
Influenza A viruses are classified as subtypes on the basis of antigenic and/or genetic diffe-61 rences of their two surface glycoproteins, hemagglutinin (HA) and neuraminidase (NA). To 62 date, 16 subtypes of HA (H1-H16) and 9 subtypes of NA (N1-N9) have been identified 63 (Fouchier et al., 2005) . Avian Influenza at the Friedrich-Loeffler-Institut (NRL-AI). Several of these viruses were 107 donated by reference laboratories in Canada, Dubai, Italy, U.K. and Vietnam. A total of 119 108 of AIV RNA positive field samples was obtained in the framework of nationwide monitoring 109 programs for AIV in wild birds in Germany during 2001 Germany during -2007 , in other 110 countries (Fereidouni et al., 2005) . The majority of samples originating from wild birds in 111
Germany had been pre-tested by rRT-PCR for influenza virus M gene by the regional 112 laboratories of the Federal States of Germany and were subsequently sent to the NRL-AI for 113 confirmation and further characterization. Virus isolation from these samples was attempted 114 as previously described (Fereidouni et al., 2005) using fetuin as substrate was followed with some modifications. Briefly, allantoic fluid 149 containing an AIV isolate was diluted 1:4 using one volume of CaCl 2 /NaCl-solution (pH 5.6) 150 and two volumes of phosphate buffer (pH 5.9). Virus dilutions were incubated in 48-well 151 microtiter plates (Costar) with 1:10 and 1:20 diluted antisera followed by incubation with 152 fetuin (F3004, SIGMA). Sodium periodate (NaIO 4 , S1147, SIGMA) dissolved in ortho-153 phosphoric acid served as an oxidant, and the reaction was completed by sodium meta-arsenit 154 (1287, FLUKA) dissolved in H 2 SO 4 and thio-barbituric acid (T-5500, SIGMA) (pH 9.0). All M a n u s c r i p t 6/14 reagents with the exception of thio-barbituric acid (200 µl) were used in amounts of 50 µl. 156
Positive controls for each subtype (reference isolates) were included in each assay. 157 158 Sequencing. PCR amplicons were purified from agarose gels using the QIAquick Gel 159
Extraction kit (Qiagen). Purified DNA fragments were cycle-sequenced in both directions 160 using the same primers as employed for the amplification. The Prism Big Dye Terminator 161 v1.1 cycle sequencing kit (Applied Biosystems) was used and products were analysed on an 162 automatic sequencer (ABI-377, Applied Biosystems). Assembled nucleotide sequences were 163 then used in BlastN2 database searches for subtype specification (Altschul et al., 1990) . length sequences from all 9 subtypes revealed an extensive sequence diversity within a 170 subtype, in particular for subtypes N1 and N2 (data not shown). 171 172 Therefore, primer pairs specific for each single NA subtype but containing up to four 173 degenerate positions were designed and evaluated using RNA templates isolated from 174 reference isolates representing all nine NA subtypes. Based on their high specificity for a 175 single subtype and broad reactivity within that subtype, nine primer pairs were finally chosen 176 (Table 1) PCRs with diagnostic material, amplificates from all 41 AIV field isolates were sequenced 220 directly to confirm the specificity as assessed by amplicon size and predicted by primer M a n u s c r i p t 8/14 identity. In all cases, the NA subtype predicted by amplicon size and specific primer pair used 222 for amplification, and the sequence obtained proved to match (Table 4 ). For the same set of 223 AIV field isolates, the NI assay was used as an additional specificity control. Again, a 224 complete match of results was achieved (Table 4) (v) If no specific amplicon is identified, perform subtype-specific NA RT-PCR assays 298 for the remaining subtypes. 299 300 By using this system, we identified a number of rare HA subtypes (H8, H16) and unusual 301 HA/NA combinations with currently less than four hits in the Genbank database (H13N8 -1 302 hit, H10N4 -2 hits, H1N6 -3 hits, H11N1 -3 hits, and H10N8 -3 hits. Among the known 303 HA/NA subtypes only representatives of H12, H14, H15, and N5 were not found in our 304 sample set. While a full molecular HA/NA subtyping is possible, virus isolation should 305 nevertheless attempted with AIV RNA positive samples to allow future biological 306 investigations of these viruses. 307 308 Acknowledgment 309 We like to thank Bianca Kinnemann, Kathrin Steffen and Bianka Hillmann for excellent 310 technical assistance. The study has been financially supported by grants from the Federal 311 Government of Germany (FSI project 1-3.6) and by the European network of excellence 312`E PIZONE'. We are indebted to our colleagues from regional diagnostic laboratories in 313
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